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(57) ABSTRACT 

O’Toole, 

AT cell-derived colony stimulating factor (“TC-CSF”) may 
be isolated from media conditioned with T lymphocyte cells. 
TC-CSF stimulates formation of colonies composed of 
granulocytes, macrophages, megakaryocytes, ?brocytic 
stromal cells, lymphocytes, and mixed colonies of granulo 
cytes and macrophages. Anion exchange chromatography 
may be employed in conjunction with gel ?ltration and 
rpHPLC to isolate TC-CSF. Human TC-CSF and murine 
TC-CSF cDNA, MRNA, genomic DNA nucleotide and 
amino acid sequences, expression products, pharmaceutical 
formulations and antibody materials are speci?cally pro 
vided. 

4 Claims, 7 Drawing Sheets 



US 6,254,861 B1 
Page 2 

OTHER PUBLICATIONS 

Greenberger et al., “Production of Colony—stimulating Fac 
tor(s) for Granulocyte—Macrophage and Multipotential 
(Granulocyte/Erythoid/Megakaryocyte/Macrophage) 
Hematopoietic Progenitor Cells (CFU—GEMM) by Clonal 
Lines of Human IL—2—dependant T—lymphocytes,” Exp. 
Hematol, 12:720—727 (1984). 
Hopp et al., “Prediction of protein antigenic determinants 
from amino acid sequences,” Proc. Natl. Acad. Sci. (USA), 
78(6):3824—3828 (Jun., 1981). 
Hudson, “Methodological Implications of Simultaneous 
Solid—Phase Peptide Synthesis” J. Org. Chem, 53:617—626 
(1988). 
Jerne, “The Immune System,” Scienti?c American, 52—60 
(Jul. 1973). 
Kennedy et al., “Anti—idiotypes and Immunity,” Scienti?c 
American, 48—56 (Jul. 1986). 
Kennedy et al., “Anti—Idiotype Antibody Vaccine for Type B 
Viral Hepatitis in ChimpanZees,” Science, 232:220—223 
(1986). 
Kern et al., “Identi?cation of a Unique T Cell—Derived 
Lymphokine that Primes Macrophages for Tumor Cytotox 
icity,” J. Immunol., 143(12):4308—4316 (Dec. 15, 1989). 
Kohler, “The Technique of Hybridoma Production,” Immu 
nological Methods, eds. Lefkovits et al., Academic Press, 
NeW York, NY (1979). 
Kohler et al., “Continuous cultures of fused cells secreting 
antibody of prede?ned speci?city,” Nature, 256:495 (Aug. 
7, 1975). 
KoZak, “Compilation and analysis of sequences upstream 
from the translational start site in eukaryotic mRNAs,” 
Nucleic Acid Res., 12(2):857—872 (1984). 
Kupper et al., “GroWth of an Interleukin 2/Interleukin 
4—Dependant T Cell Line Induced by Granulocyte—Mac 
rophage Colony—Stimulating Factor (GM—CSF),” J. Immu 
nol., 138(12):4288—4292 (Jun. 15, 1987). 
Lerner, “Tapping the immunological repertoire to produce 
antibodies of predetermined speci?city,” Nature, 
299:592—596 (Oct. 14, 1982). 
Malek et al., “The Murine IL 2 Receptor II,” J. Immunol, 
133(4):1976—1982 (Oct., 1984). 
Mann, “Molecular tectonics in biomineraliZation and bio 
minimetic materials chemistry,” Nature, 365 :499—505 (Oct. 
7, 1993). 
Marx, “Making Antibodies Without the Antigens,” Science, 
228:162—165 (1985). 
Metcalf, “The molecular control of cell division, differen 
tiation commitment and maturation in hemopoietic cells,” 
Nature, 339:27—30 (May 4, 1989). 
MochiZuki et al., “Development and CharacteriZation of 
Antiserum to Murine Granulocyte—Macrophage Colony 
—Stimulating Factor,” J. Immunol, 136(10):3706—3709 
(May 15, 1986). 
Mosmann et al., “TWo Types of Murine Helper T Cell 
Clone,” J. Immunol, 136(7):2348—2357 (Apr., 1986). 
Niman et a1, “Generation of protein—reactive antibodies by 
short peptides is an event of high frequency: Implications for 
the structural basis of immune recognition,” Proc. Natl. 
Acad, Sci. (USA), 80:4949—4953 (Aug., 1983). 
Novotny et al., “Antigenic determinants in proteins coincide 
With surface regions accessbile to large probes (antibody 
domains),” Proc. Natl. Acad. Sci. (USA), 83:226—230 (Jan., 
1986). 

Occhionero et al., “Functional CharacteriZation of Lym 
phokines From the EL—4 T Cell Line that Activate Mac 
rophages for Nonspeci?c Tumor Cytotoxicity,” J. Leukocyte 
Biol, 35:405—414 (1984). 

Ohara and Paul, “Production of a monoclonal antibody to 
and molecular characteriZation of B—cell stimulatory fac 

tor—1,” Nature, 315:333—336 (May, 1985). 

Ortega et al., “The Murine IL 2 Receptor I,” J. Immunol, 

133(4):1970—1975 (Oct., 1984). 
Oster et al., “Production of macrophage—, granulocyte—, 
granulocyte—macrophage—and multi—colony—stimulating 
factor by peripheral blood cells,” Eur J. Immunol, 
19:543—547 (1989). 

OWhashi and NaWa, “Granulocyte—Macrophage Colony 
—Stimulating Factor Produced by Splenic T Lymphocytes of 
Mice Infected With Schistosoma japonicum, ” Infection and 

Immunity, 51(1):213—217 (Jan., 1986). 

Sanger et al., “DNA sequencing With chain—terminating 
inhibitors,” Proc. Natl. Acad. Sci. (USA), 74(12):5463—5467 
(Dec., 1977). 
Sproat et al., “Chemical synthesis of a gene for somatome 

din C,” Nucleic Acid Res., 13(8):2959—2977 (1985). 

Stanley et al., “The structure and expression of the murine 
gene encoding granulocyte—macrophage colony stimulating 
factor: evidence for utiliZation of alternative promoters,” 

EMBO J., 4(10):2569—2573 (1985). 

Tagaya et al., “ATL—derived factor (ADF), an IL—2 receptor/ 
Tac inducer homologous to thioredoxin; possible involve 
ment of dithiol—reduction in the IL—2 receptor induction,” 

The EMBO Journal, 8(3):757—764 (1989). 

Van Regenmortel, “Antigenic cross—reactivity betWeen pro 
teins and peptides: neW insights and applications,” Trends 
Biochem Sci., 12:237—240 (Jun., 1987). 

Vieira and Messing, “The pUC plasmids, and 
M13mp7—derived system for insertion mutations and 
sequencing With synthetic universal primers,” Gene, 
19:259—268 (1982). 

Wollman et al., “Cloning and Expression of a cDNA for 

Human Thioredoxin,”J. Biol. Chem, 263(30):15506—15512 
(Oct. 25, 1988). 
Yokota et al., “Isolation and characteriZation of lymphokine 
cDNA clones encoding mouse and human IgA—enhancing 
factor and eosinophil colony—stimulating factor activities: 
Relationship to interleukin 5,” Proc. Natl. Acad. Sci.(USA), 
84:7388—7392 (Nov., 1987). 

Young et al., “Ef?cient isolation of genes by using antibody 
probes,” Proc. Natl. Acad. Sci. (USA), 80:1194—1198 (Mar., 
1983). 

* cited by examiner 



U.S. Patent Jul. 3, 2001 Sheet 1 0f 7 US 6,254,861 B1 

F .UE cow owm , cww owe com com oww ow.“ oNH cm 

+Illl +lllll +llll +llll 

Ill-II +l-lnll lllll 
+llll +llll 

358st 52828 E5555 E2525 SEES: +llll +|Ill 

+Illl llll 55555 85222 555th SSEES B8525 +llll 

Hem Mme HNQ .Em Sm gm .5.“ HNH G 



U.S. Patent Jul. 3, 2001 Sheet 2 0f 7 US 6,254,861 B1 

352 F .wE 82 25555 3: 55:53 83 E5285 83 882B; 8... ww?mé 08 8535.5 2a 2250; 2K 55225 § $2555 08 505228 

E5585 E2255 B5555 B6552 SEE“. +lllll IlIuI-l 52,222 Q2225“. E8586 E5255 UGCEQG +ll-llll 

tt<u<<<< 85225 22555 E5532 Stttt +l-lllll IIIII 25225 85355 2:85; 5:552 u<8<<8t 
+lll-ll 

+llll 
+||ll lllllu Illl 

.3: $2“ .53“ Sm .Hcm gm .5“ amp Sm How 





U.S. Patent Jul. 3, 2001 Sheet 4 0f 7 US 6,254,861 B1 

+llll 

+IIII +ll-ll 

+IIII +Illl +Illl 

gmw HwNN .HNNN 55 .55 30m .82 52 53 53 



U.S. Patent Jul. 3, 2001 Sheet 5 0f 7 US 6,254,861 B1 

fpcoov _. .QE 
HmmN 8mm 83 

+llll llll llll III] III! llll +llll llll 

HNmN HEN Sew 



U.S. Patent Jul. 3, 2001 Sheet 6 0f 7 US 6,254,861 B1 

N .0E 03 sou cmm aom 9.3 cow 9% com QmN cow cm.“ :3 cm 

~ ~ llll+ll|l 
ll'l+llll llll +|||| ||..|+..||| ||....+|||| ||||+|||| |....| 

How 1% How .nmw How Hmm Hom HmN .SN .23“ I: So So 





US 6,254,861 B1 
1 

HEMATOPOIETIC GROWTH FACTOR 
DERIVED FROM T LYMPHOCYTES 

This is a continuation-in-part of US. Ser. No. 07/906, 
866, ?led Jul. 1, 1992, noW abandoned, Which in turn is a 
continuation-in-part of US. Ser. No. 07/788,115, ?led Nov. 
1, 1991, noW abandoned, Which in turn is a continuation 
in-part ofU.S. Ser. No. 07/747,784, ?led Aug. 19, 1991, noW 
abandoned, Which in turn is a continuation-in-part of US. 
Ser. No. 07/729,135, ?led Jul. 12, 1991, noW abandoned, 
Which in turn is a continuation-in-part of US. Ser. No. 
07/356,006, ?led May 23, 1989, noW abandoned, 

The present invention relates in general to colony stimu 
lating factors and speci?cally relates to colony stimulating 
factors derived from T cells. 

BACKGROUND 

Mediators of proliferation and differentiation for hemato 
poietic progenitor cells of all lineages are frequently present 
in the same conditioned medium. Although these secreted 
groWth factors have similar molecular mass [usually 
betWeen 25 to 35 kilo Daltons (“K ”)] and may have 
apparently overlapping functional properties, they are prod 
ucts of distinct genes. 

Hematopoietic groWth factors include factors Which 
stimulate development of certain hematopoietic cell lin 
eages: IL-3, Which has multi-lineage activity; GM-CSF, 
Which predominantly stimulates granulocyte and macroph 
age colony formation, although, under certain conditions, it 
may stimulate megakaryocytic lineage cells as Well; CSF-l, 
Which stimulates only macrophage colonies; and G-CSF, 
Which stimulates only granulocyte colony formation. None 
of these groWth factors have a molecular mass (“IMW”) 
exceeding about 30 Kd. 

Hematopoietic groWth factors may be used in treating 
immune-compromised patients, including Acquired Immu 
node?ciency Syndrome “AIDS” patients and certain types 
of cancer patients. Accordingly, it is desirable to obtain 
additional hematopoietic groWth factors for existing and 
neW applications. 

SUMMARY OF THE INVENTION 

The present invention provides a puri?ed and isolated 
nucleic acid encoding a T cell colony stimulating factor 
(“TC-CSF”), Which term is de?ned by a nucleotide sequence 
selected from the group consisting of: a nucleotide sequence 
encoding a TC-CSF (such as SEQ ID NO: 1) or the 
nucleotide sequence in SEQ ID NO: 5; a nucleotide 
sequence Which encodes the sequence of amino acids of 
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, the amino 
acid sequence of SEQ ID NO: 5 or SEQ ID NO: 6; a 
nucleotide sequence Which hybridiZes under stringent con 
ditions With any 20 sequential nucleotides encoding a 
sequence of amino acids in SEQ ID NO: 2, SEQ ID NO: 3, 
SEQ ID NO: 4, the amino acid sequence of SEQ ID NO: 5 
or SEQ ID NO: 6, or With the complement thereof; a 
nucleotide sequence Which hybridiZes under stringent con 
ditions With any 20 sequential nucleotides in a nucleic acid 
encoding a TC-CSF (such as SEQ ID NO: 1 or the nucle 
otide sequence in SEQ ID NO: 6) or With the complement 
thereof; and a nucleotide sequence Which encodes an epitope 
encoded by 6 sequential amino acids in a TC-CSF or in the 
speci?c amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 
3, SEQ ID NO: 4 or SEQ ID NO: 6, and preferably SEQ ID 
NO:7, or SEQ ID NO: 8. 

The present invention further provides a vector including 
a nucleic acid according to the present invention, and a cell, 
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2 
preferably a eukaryotic cell, including such a vector or 
including a nucleic acid according to the present invention 
at a location or in a multiplicity in Which it does not occur 
in nature. Such a vector may be the eukaryotic cell vector 
deposited as ATCC Accession No. 68824 on Oct. 28, 1991, 
With the American Type Culture Collection, 12301 ParklaWn 
Drive, Rockville, Md. 20852. Other vectors according to the 
present invention may be prokaryotic or eukaryotic expres 
sion vectors, including baculovirus vectors. 
The present invention also provides an isolated polypep 

tide having a biological or immunological property of a T 
cell-derived colony stimulating factor and having an amino 
acid sequence in Which at least 6 sequential amino acids are 
identical to 6 sequential amino acids in a TC-CSF, particu 
larly Wherein the polypeptide includes an epitope of 
TC-CSF in native or denatured conformation. 
An isolated TC-CSF polypeptide according to the present 

invention may be selected from the group consisting of 
human TC-CSF, mouse TC-CSF, rat TC-CSF, bovine 
TC-CSF, canine TC-CSF, feline TC-CSF, ovine TC-CSF, 
ape TC-CSF, avian TC-CSF, and porcine TC-CSF, espe 
cially a TC-CSF having a molecular mass of about 2.5—3.5 
Kd, about 11—13 Kd, about 20—23 Kd, about 25—30 Kd or 
about 55 Kd, and may include an amino acid sequence 
comprising a sequence of 6 or more amino acids in SEQ ID 
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, the amino acid 
sequence of SEQ ID NO: 5 or SEQ ID NO: 6, and 
preferably, SEQ ID NO:7 or SEQ ID NO: 8. The TC-CSF 
may be an expression product of a cell including a vector 
having DNA encoding TC-CSF or of a cell including a 
nucleic acid according to the present invention at a location 
or in a multiplicity in Which it does not occur in nature. The 
isolated TC-CSF polypeptide may further include a diluent, 
adjuvant or carrier, preferably Wherein the diluent comprises 
an isotonic buffer or pharmaceutical grade Water for injec 
tion to form a pharmaceutical composition. 
Any TC-CSF or nucleic acid according to the present 

invention not directly provided herein may be obtained 
according to procedures Well knoWn to those skilled in the 
art, including obtaining the screening of DNA libraries With 
polynucleotide probes based on the nucleotide sequences 
and deposited vector provided herein, and including identi 
fying cells expressing TC-CSF by using a labeled antibody 
or oligonucleotide according to the present invention, iso 
lating mRNA therefrom and preparing cDNA from the 
TC-CSF mRNA. 
The isolated polypeptide may also include a label or 

reporter group or may be bound to a support. The isolated 
TC-CSF polypeptide according to the present invention may 
be associated With a support and an anti-TC-CSF antibody 
in a diagnostic kit for an immunoassay. 

In addition, the present invention provides an isolated 
ligand speci?cally binding a TC-CSF, Which ligand may be 
a TC-CSF receptor. Such a TC-CSF receptor may be iden 
ti?ed using labeled TC-CSF according to the present inven 
tion and may be isolated using puri?ed TC-CSF according 
to the present invention by techniques Well knoWn to those 
skilled in the art. Alternatively, the ligand may be serum or 
an isolated monoclonal or polyclonal antibody exhibiting a 
speci?c immunoreactivity With a TC-CSF, in particular 
exhibiting a speci?c immunoreactivity With an expression 
product of a cell containing a vector having DNA encoding 
a TC-CSF or a cell including a nucleic acid according to the 
present invention at a location or in a multiplicity in Which 
it does not occur in nature. 

A puri?ed and isolated antigen is provided according to 
the present invention exhibiting immunological characteris 
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tics such that it speci?cally reacts With a monoclonal or 
polyclonal antibody against a TC-CSF, and the present 
invention also includes an immortalized cell line, such as a 
hybridoma, producing a monoclonal antibody to a TC-CSF. 

Aprocess for purifying TC-CSF according to the present 
invention includes the steps of applying cell culture super 
natant containing TC-CSF to an anion exchange column, 
and collecting a fraction containing a TC-CSF from the 
anion exchange column, especially Wherein the applying 
step includes the step of introducing the TC-CSF onto a 
column having a quaternary ammonium group bound to a 
support. The puri?cation process may further include the 
steps of introducing the TC-CSF onto a gel ?ltration column 
and retaining fractions comprising TC-CSF. The puri?cation 
process may also include the steps of: concentrating the 
eluate from the anion exchange column; introducing a 
TC-CSF-containing solution onto a rpHPLC column, and 
pooling fractions eluted therefrom; and dialyZing a TC-CSF 
containing solution. 
A method for production of a T cell-derived colony 

stimulating factor (TC-CSF) according to the present inven 
tion includes the step of culturing a medium enriched in cells 
containing a gene encoding TC-CSF under conditions Which 
permit expression of the gene and isolating TC-CSF from 
the medium or cells. 

Amethod of treatment according to the present invention 
includes administering to a patient in need of therapy an 
effective amount of a pharmaceutical composition according 
to the present invention, and preferably includes adminis 
tering to a patient in need of therapy an effective amount of 
a pharmaceutical composition including a human TC-CSF. 

Also part of the present invention is a pharmaceutical 
composition Which includes a TC-CSF, preferably a human 
TC-CSF. More preferably such composition comprises a 
pharmaceutically acceptable carrier such as isotonic aque 
ous buffer or pharmaceutical grade Water for injection. 
The pharmaceutical compositions according to the 

present invention may be formulated in accordance With 
standard procedures adapted for parenteral administration to 
humans. The compositions for intravenous administration 
are usually solutions of the sterile derivative of sterile 
isotonic aqueous buffer. Where necessary, the composition 
may also include a solubiliZing agent. The composition may 
be supplied in unit dosage form, such as a dry poWder or 
Water-free concentrate in a sealed container such as an 

ampoule. For administration by infusion, the composition 
may be dispensed from an infusion bottle containing sterile 
pharmaceutical grade Water for injection. For administration 
by injection, the composition may be dispensed from a vial 
of sterile Water for injection. The injectable or infusible 
composition Will be made up by mixing the ingredients prior 
to administration. 

The effective amount of complex administered depends 
on many factors. The precise dose to be employed and the 
mode of administration may be decided according to the 
circumstances as determined by a physician. 

According to the present invention, an anti-idiotypic 
antibody to a TC-CSF may be raised. Such an antibody may 
be used in place of a TC-CSF for certain applications. 

Also according to the present invention an immunoassay 
may employ a TC-CSF or a TC-CSF ligand. A hybridiZation 
assay according to the present invention may employ a 
TC-CSF coding or non-coding sequence or a sequence 
complementary thereto. Aprimer extension assay according 
to the present invention may employ a TC-CSF coding or 
non-coding sequence or a sequence complementary thereto 
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4 
as primers. For immunoassays, hybridiZation assays and 
primer extension assays, the components of the assay may 
be provided in kit form. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a nucleotide sequence SEQ ID NO:1 determined 
for a murine TC-CSF; 

FIG. 2 is a nucleotide sequence SEQ ID NO:17 in 
reversed complementary form [i.e., the reverse (3‘—5‘) form 
of the complement of the coding sequence] for a human 
TC-CSF; and 

FIG. 3 is a schematic model for structural biology of clone 
CC2. 

DETAILED DESCRIPTION 

“Operably linked” as used herein refers to a structural 
connection Which permits the normal function (as under 
stood by those skilled in the art) of the components to be 
performed. Thus, a coding sequence is “operably linked” to 
a control sequence When the coding sequence is located on 
the same or a complementary DNA strand and its transcrip 
tion is affected by the control of this sequence. 

“Exogenous DNA” as used herein refers to DNA in a host 
cell in Which it is not found in nature or under the control of 
a promoter to Which it is not operably linked in nature or in 
a number of copies per cell Which does not occur in nature. 

As used herein, a medium is “enriched” in a kind of cell 
if it contains only that kind of cell or it contains a higher 
proportion of the kind of cell relative to other kinds of cells 
in the medium. 

As used herein, the term “cell” includes progeny. Thus, 
“transformed cells” include a cell transformed With a vector 
and cells derived therefrom Without regard for the number of 
cell division even though progeny may not be genetically 
identical due to deliberate or inadvertent mutations. 

“Expression system” herein includes DNA encoding a 
polypeptide to be expressed operably linked to DNA con 
trolling transcription of the DNA sequence, so that a host 
transformed With such DNA expresses the encoded polypep 
tides. The expression system include a vector called an 
“expression vector” or may be integrated into the host 
chromosome. 

“Post-translational modi?cation” as used herein includes 
glycosylation, but may also involve proteolysis, 
phosphorylation, acylation, sulfation, y-carboxylation or 
[3-hydroxylation. 

Included Within the scope of the present invention is a 
TC-CSF expressed in a cell including: TC-CSF having the 
glycosylation and amino acid sequence of a naturally 
occurring TC-CSF; human TC-CSF and TC-CSF polypep 
tides of other animal species, such as bovine TC-CSF, 
equine TC-CSF, porcine TC-CSF, ovine TC-CSF, canine 
TC-CSF, murine TC-CSF, and feline TC-CSF, Without limi 
tation thereto; deglycosylated or nonglycosylated forms of 
TC-CSF polypeptides; and analogs of TC-CSF, particularly 
immunologically and biologically active analogs of 
TC-CSF. 

“Analogs of TC-CSF” include, for example, deletions 
from, or insertions of or substitutions of, residues Within an 
amino acid sequence of a TC-CSF polypeptide retaining at 
least 18 consecutive nucleotides in the nucleotide sequence 
or 6 consecutive amino acids in the amino acid sequence of 
TC-CSF and retaining a biological or immunological activ 
ity of TC-CSF and an overall amino acid and nucleotide 
sequence homology of at least 80% With a TC-CSF. Com 
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binations of deletion, insertion and substitution may also be 
made to arrive at a ?nal construct, provided that the ?nal 
construct possesses an activity of TC-CSF. An “activity” of 
TC-CSF may be an immunological cross-reactivity With 
naturally-occurring TC-CSF or may be a biological activity 
(e.g., a colony stimulating activity) of TC-CSF. It is pre 
ferred that mutations made in DNAencoding TC-CSF do not 
place the sequence out of reading frame and it is further 
preferred that they do not create complementary regions that 
produce secondary mRNA structure. Analogs also include 
polypeptides exhibiting a post-translational modi?cation 
With Which they do not occur in a nature. 

Analogs include amino-terminal and carboxyl-terminal 
fusion peptides of from one residue to polypeptides of any 
length Wherein the analog possesses an activity of TC-CSF, 
as Well insertions of one more amino acid residues Within the 
polypeptide. Such insertions may be of any length Which 
does not prevent the analog from possessing an activity of 
TC-CSF but are preferably one amino acid in length. 

Anatural sequence TC-CSF or analogs of a TC-CSF and 
variants of a TC-CSF may be prepared by direct chemical 
synthesis of a polypeptide or by expression of DNA pre 
pared by site-directed mutagenesis of TC-CSF DNA or by 
chemical synthesis of oligonucleotides and assembly of the 
oligonucleotides by any of a number of techniques prior to 
expression in a host cell. [See, e.g., Caruthers, US. Pat. No. 
4,500,707; Balland et al., Biochimie, 67 725—736 (1985); 
Edge et al., Nature, 292, 756—762 (1981)]. Messenger RNA 
encoding TC-CSF or an analog thereof may also be 
expressed in vitro. Changes in activation levels are mea 
sured by an appropriate assay, such as an assay described 
beloW. Modi?cations of such protein properties as redox or 
thermal stability, hydrophobicity, susceptibility to pro 
teolytic degradation, or the tendency to aggregate With 
carriers or into multimers are assayed by methods Well 
knoWn to those of ordinary skill in the art. 

Prokaryotic microorganisms (such as bacteria) and 
eukaryotic microorganisms (such as yeast, CHO cells or 
insect cells) may be employed as host cells according to the 
present invention. S. cerevisiae, or common baker’s yeast, is 
the most commonly used among eukaryotic 
microorganisms, although a number of other strains are 
commonly available. For expression in bacteria and yeast, 
cloning and expression vectors are Well knoWn to those 
skilled in the art, such as lambda phage and pBR322 in E. 
coli and YRp7 in S. cerevisiae. 

Cells derived from multicellular eukaryotes may also be 
used as hosts. Cells from vertebrate or invertebrate eukary 
otes may be used, and those skilled in the art knoW of 
appropriate expression vectors for use therein, such as SV40 
vectors for mammalian host cells (such as CHO cells), NPV 
vectors (such as baculovirus vectors) for invertebrate host 
cells and Ti vectors for plant cells. 

The compositions according to the present invention are 
formulated in accordance With standard procedures to be 
adapted for parenteral administration to humans according 
to techniques knoWn by those skilled in the art. 

Typically, the compositions for intravenous administra 
tion are solutions of the sterile TC-CSF in sterile isotonic 
aqueous buffer. Where necessary, the composition also 
includes a solubiliZing agent, or stabiliZing or carrier agent. 
In general, the composition is supplied in unit dosage form, 
for example, as a dry poWder or Water-free concentrate in a 
sealed container such as an ampule. For administration by 
infusion, the composition may be dispensed from an infu 
sion bottle containing sterile pharmaceutical grade Water for 
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6 
injection. For administration by injection, the composition 
may be dispensed from a vial of sterile Water for injection. 
The injectable or infusible composition may be made up by 
mixing the ingredients prior to administration. 
The effective amount of TC-CSF administered Will 

depend on many factors, including the amount of TC-CSF 
required and the speed With Which it is required. 
More speci?c descriptions of methods, materials, and 

products according to the present invention appear in the 
folloWing Examples. 

EXAMPLE 1 

Process for Isolation of TC-CSF 

ATC-CSF may be prepared by stimulation of a murine T 
lymphocyte cell line, the EL-4 cell line (available as Culture 
No. ATCC TIB 181 from the American Type Culture 
Collection, Rockville, Md.) With phorbol 12-myristate 
13-acetate (PMA) (Sigma Chemical Company, St. Louis, 
M0). The cells may be groWn in RPMI-1640 (GIBCO, 
Grand Island, NY.) containing 5% bovine serum albumin or 
5% fetal calf serum at 37° C. in an atmosphere of 5% CO2 
in air. For stimulation With PMA, the EL-4 cells may be 
centrifuged at 500 g for 10 minutes and then resuspended in 
RPMI-1640, 1% fetal calf serum (FCS) (GIBCO), and 56 
units/ml penicillin (GIBCO) 56 pig/ml streptomycin and 10 
pig/ml glutamine. The cell concentration is then adjusted to 
1><106 cells per ml. The volume of the cell suspension may 
be measured and to this volume a calculated amount of PMA 
may be added to give a ?nal concentration of 10 ng/ml PMA. 
The stimulation is preferably done in sterile glass containers 
With approximately 150 ml of cell suspension in each 500 ml 
capacity glass container. The cell suspension may be incu 
bated at 37° C. for 2 days in an atmosphere of 5% C02 in air. 
FolloWing the incubation the cells may be removed by 
centrifugation at 2000 rpm for 10 minutes and the superna 
tant containing the groWth factor may be stored at 4° C. 
Any residual PMA in the supernatant may be removed by 

treatment With activated dextran by the folloWing method. 
For each 100 ml of supernatant 0.3 g Norit A alkaline 
(Fisher, Pittsburgh, Pa.) and 1.2 g Dextran T 10 (Pharmacia, 
PiscataWay, N.J may be suspended in 200 ml phosphate 
buffered saline (PBS) plus 1% fetal calf serum or in 200 ml 
RPMI-1640 and 1% FCS. The NoritA and Dextran may be 
mixed in half the PBS, then poured into 200 ml capacity 
centrifuge bottles and centrifuged at 2000 rpm for 5 minutes. 
The supernatant is discarded and the remaining PBS is 
added to the Norit A and Dextran, the procedure is repeated 
and the supernatant discarded. Then folloWing these tWo 
Washes With Norit A and Dextran the groWth factor contain 
ing culture supernatant may be added to the Norit A plus 
Dextran, mixed and centrifuged at 2000 rpm for 5 minutes. 
The groWth factor conditioned medium supernatant is 
poured off and then may be ?ltered through a 0.45” ?lter as 
available from Millipore Corporation, Bedford, Mass. 

EXAMPLE 2 

Bioassay for TC-CSF 

The hematopoietic groWth stimulating activity of a con 
ditioned medium may be tested utiliZing the agar clonal 
assay. FolloWing stimulation With a groWth factor, hemato 
poietic progenitor cells form colonies in the agar cultures. 
Hematopoietic cells utiliZed for the bioassay may be derived 
from bone marroW or spleen of rodents such as C57B1/6J 
mice. 
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Following euthanasia of a mouse, the femur is dissected 
out and bone marrow cells may be ?ushed out With RPMI 
1640 using a syringe and needle. The cells may be dispersed 
by pipetting, and a single cell suspension may be derived. 
The viable cell count maybe obtained by Trypan blue 
exclusion of cells counted in a hemocytometer. Bone mar 
roW cells may be plated at 1><105 or 5><104 cells per plate. 
Duplicate or triplicate plates may be set up. The cell cultures 
may be set up in 0.3% agar (Bactoagar, GIBCO) in Dul 
becco’s medium (GIBCO) With 20% horse serum (GIBCO), 
supplemented With 56 units/ml penicillin and 56 pig/ml 
streptomycin. TC-CSF-conditioned media maybe added at 
10% V/V to the agar cultures. The cultures are then incu 
bated at 37° C. for seven days in an atmosphere of 10% CO2 
in air. 

EXAMPLE 3 

Bioactivity of TC-CSF 

The colonies formed folloWing stimulation With condi 
tioned media containing TC-CSF may be enumerated micro 
scopically at 40x magni?cation. Colony Forming Unit 
culture (CFU-C) colonies contained 50 or more cells. 

The lineage speci?city of CFU-C colonies may be deter 
mined by morphological assessment of the cells comprising 
each colony. Intact agar cultures may be dehydrated on glass 
slides and stained for acetylcholinesterase. A counterstain 
that may be utiliZed for nuclei is methyl green. The colonies 
may then be examined microscopically, the nuclear 
con?guration, cell shape and siZe alloW differentiation 
betWeen the cell lineages such as granulocytic, 
mononuclear, ?brocytic stromal and megakaryocytic. In 
addition, the megakaryocyte cytoplasm stains broWn due to 
the presence of acetyl cholinesterase. Clusters of three or 
more megakaryocytes may be taken as representing a mega 
karyocyte colony. 

TC-CSF-containing conditioned media, as prepared in 
procedure of Example 1, stimulate the formation of approxi 
mately 90:20 CFU-C colonies (mean:2 SD) and 20:4 
CFU-M (megakaryocyte colonies), per 1><105 bone marroW 
cells. Morphological analysis of the colonies reveals that 
TC-CSF-generated colonies are composed of: granulocytes; 
macrophages; megakaryocytes; mixtures of granulocytes 
and macrophages; mixed colonies Which Were very large 
compared With the other colonies, (mixed colonies consist of 
more than 150 cells entities composed of granulocytes, 
macrophages and megakaryocytes); and ?brocytic stromal 
cell colonies. 

EXAMPLE 4 

Isolation of TC-CSF 

Protein fractions, contained in the conditioned media 
derived as in the ?nal product of Example 1, may be 
separated by high pressure liquid chromatography (HPLC) 
on an anion-exchange column DEAE-5PW, 7.5 mm><7.5 cm, 
available from Waters Associates, Milford, Mass. A phos 
phate buffered saline gradient may be utiliZed for elution 
With a gradient range from 10 mM NaCl to 1 M NaCl. The 
fractions may be collected at a How rate of 0.5 ml/min and 
then each fraction may be assayed for colony stimulating 
activity as described in Examples 2 and 3. Bioassay for 
colony stimulating activity of the fractions demonstrated 
peak activity With a 0.23 M NaCl gradient. There may be 
more than a 90% recovery of activity compared to the initial 
conditioned medium. The activity of the TC-CSF at 0.23 M 
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8 
NaCl gradient serves to distinguish the TC-CSF molecule 
from interleukin-3 (IL-3), Which may also stimulate hemato 
poietic colony formation, because IL-3 does not bind to 
DEAE and runs through a DEAE column before the NaCl 
gradient fractions. 
The TC-CSF molecule may be separated from other 

molecules based upon the siZe of the TC-CSF molecule 
obtained by gel ?ltration. A molecular sieve column protein 
Pak 125 (siZe cut-off for native globular protein, 2,000 to 
80,000 daltons), 7.8 mm><30 cm, from Waters Associates 
may be utiliZed With HPLC at a How rate of 0.5 ml/min. A 
variable Wavelength spectrophotometer and an integrator/ 
recorder may be attached to the detector set at 280 nm to 
record and integrate the chromatograms. The fractions may 
be collected in PBS (pH 7.3), and then each fraction assayed 
for colony stimulating factors. Assays of the fractions indi 
cated activity Was present in three fractions, and correspond 
ing peaks of optical density at 280 nm indicated the presence 
of protein in the active fractions. A?rst fraction corresponds 
to a molecular mass (MW) of 65 to 70 kilodaltons (Kd), 
consistent With the trace amount of bovine serum albumin 
and bovine fetal albumin present in the conditioned media. 
Asecond fraction may have peak activity and corresponds to 
MW 50 to 55 Kd. A third fraction With minimal activity 
corresponds to MW 25 to 30 Kd. 

EXAMPLE 5 

Molecular Weight Assessed by Electrophoretic 
Mobility 

The bioactive second fraction derived after HPLC gel 
?ltration in Example 4 and the unseparated conditioned 
media may be further analyZed by polyacrylamide gel 
electrophoresis (PAGE). Either polyacrylamide urea gel 
electrophoresis at pH 9.9 in a reducing buffer of 50 mM 
2-mercaptoethanol (2-ME) and 10 M urea, or SDS-PAGE in 
0.3% SDS, 7.5% acrylamide and 10 mM 2-ME in glycerol 
buffer my be employed. Samples may be run 50 pl per lane 
With groWth factor media or molecular Weight markers 
purchased from Pharmacia. Lanes run With molecular 
Weight markers and designated samples respectively, may be 
stained by silver stain to identify the protein molecule 
according to electrophoretic mobility. The TC-CSF demon 
strates an electrophoretic mobility in PAGE under reducing 
conditions corresponding to a MW of about 55 Kd. 

Con?rmation of bioactivity in the molecule identi?ed by 
electrophoretic mobility may be obtained by running lanes 
containing the sample under investigation. FolloWing elec 
trophoresis the entire lane may be sectioned into 1 mm Wide 
slices starting from the cathodal end and proceeding toWards 
the anodal end. The protein from each 1 mm slice may be 
eluted in 1 ml PBS at pH 7.2 and then assayed for colony 
stimulating factor. Adjacent lanes With appropriate molecu 
lar Weight markers may be stained to determine the electro 
phoretic mobility of the bioactive molecule, Which corre 
sponded to a MW of about 55 Kd. 

FolloWing bioassay of the protein derived from the gel 
slice, a portion of the eluate may be re-run on SDS-page and 
folloWing stain With silver stain demonstrate a single protein 
band at about 55 Kd. Thus con?rmation may be derived that 
bioactive TC-CSF molecule has a MW of about 55 Kd, 
demonstrated by electrophoretic mobility under reducing 
conditions. 

EXAMPLE 6 

Protein Content and Potency of TC-CSF 

The protein content of the TC-CSF containing media and 
that of the fractions may be measured by microassay pro 
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cedure. Spectrophotometric analysis is possible at 595 nm 
following reaction With protein assay dye reagent available 
from Bio-Rad, Richmond, Calif., and the protein content 
may be determined from a standard curve prepared With 
BSA. 

After the least measurable protein content has been 
estimated, further dilutions may be made and the protein 
content calculated. Assays of dilutions of the fractions 
correlated With 10 to 14 nanograms of protein stimulate 5 to 
8 CFU-C per 1><105 bone marroW cells. This corresponded 
to activity at a 1 to 2 picomolar concentration of TC-CSF, an 
indication of the potency of the groWth factor. 

EXAMPLE 7 

Production of an Antibody Against a TC-CSF and 
Assays 

Animals such as Balb/c mice or Lewis rats may be 
immuniZed by intraperitoneal injection of a TC-CSF 
containing fraction obtained folloWing HPLC column sepa 
ration as in Example 4. The groWth factor-containing frac 
tion may be combined With Freund’s adjuvant (one part in 
three) and injected into the animals, folloWed by a booster 
dose 4 Weeks later, after Which the animals may be sacri?ced 
and the sera obtained. 

In an ELISA assay, the second HPLC-derived fraction 
from Example 4 containing the TC-CSF may be used as 
antigen, and diluted in coating buffer to give a ?nal protein 
concentration of about 0.5 pig/ml (coating buffer is prepared 
by dissolving 0.795 g anhydrous NaZCO3 and 1.466 g 
NaHCO3 in 450 ml of deioniZed Water at pH 9.6). Next, 100 
pl of the diluted antigen may be added to each Well of micro 
ELISA plate (Corning) and then the plates may be placed in 
a covered container at 4° C. overnight. The plates may then 
be removed and each Well Washed 3 times With 200 pl of 
PBS/TWeen-20TM (stock solution prepared by adding 1.5 ml 
TWeen-20TM to 1000 ml PBS). The antibody containing sera 
is added 1:50 in PBS/TWeen-20TM and 100 pl of the diluted 
antiserum may be added to the Wells and incubated for one 
hour at 37° C. The Wells may then be Washed three times and 
100 pl of anti-mouse IgG alkaline phosphatase conjugate 
(Sigma) Which had been diluted 1:1000 in stock PBS/ 
TWeen-20TM may be added to each Well. FolloWing a further 
one hour incubation at 37° C., the Wells may be Washed three 
times and 100 pl volume of diethanolamine substrate 
(Sigma) may be placed in each Well. A positive reaction is 
observed by yelloW color formation Within a half hour, 
indicating speci?c reaction With TC-CSF (antigen) and 
antibody contained in the sera. FolloWing addition of the 
antibody sera in dilutions of 1:1000, about 56% of the 
colony stimulating activity of the TC-CSF fraction is neu 
traliZed. 

Sera from immuniZed, antibody-producing animals tested 
positive When screened against TC-CSF-containing fraction 
by the ELISA technique using reagents obtained from Sigma 
Chemical Company. Control sera from uninjected mice and 
those injected With Freund’s adjuvant alone tested negative. 
The antibody may be tested for neutraliZing activity in the 
bioassay With the TC-CSF containing groWth factor provid 
ing colony stimulating activity. 

In a Western blot analysis, the HPLC gel ?ltered TC-CSF 
of the second fraction of Example 4 may be run on SDS 
PAGE electrophoresis and then may be placed in the trans 
blot system (Hoeffer Scienti?c, San Francisco, Calif). The 
protein bands may then be transferred onto nitrocellulose 
sheet Which may then be incubated for one hour in blocking 
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buffer (Sigma). Antibody may then be added and a further 
one hour incubation done. FolloWing three Washes anti 
mouse IgG alkaline phosphatase conjugate (Sigma) may be 
added, and, folloWing an hour incubation and ?ve Washes in 
PBS/TWeen-20TM, the substrate Naphthol As-Mx phosphate 
sodium salt (Sigma) may be added. A positive reaction is 
determined by Immunostain With Fast red substrate (Sigma). 
The protein bands in adjacent lanes may be visualiZed by 
staining for protein such as With Amido Black. 

Thus, the speci?city of the antibody against the TC-CSF 
is also observed in a Western blot analysis. The antibody 
strongly react With the protein band at 55 Kd. Reaction Was 
also seen With bands at 67 Kd and 65 Kd Which corre 
sponded to fetal calf albumin and bovine serum albumin 
respectively, the albumin being a carrier protein for the 
groWth factor molecules. No reaction is seen With proteins 
beloW 55 Kd MW. 

The antibody sera may be tested against IL-3 to look for 
cross-reactivity. No neutraliZation of IL-3 activity is 
observed. This serves to distinguish TC-CSF from IL-3. 

Antibody against a TC-CSF may be puri?ed from sera 
using techniques Well knoWn to those skilled in the art and 
including passing TC-CSF antibody-containing ?uid over a 
column to Which is bound TC-CSF, such as material derived 
from the active second fraction of Example 4. Similarly, 
TC-CSF may be puri?ed by a procedure including a step of 
passing a ?uid containing TC-CSF over a column to Which 
anti-TC-CSF antibody is bound. 

EXAMPLE 8 

Effect of Other Antibodies On TC-CSF 

Speci?c antibodies against several groWth factors impli 
cated in hematopoiesis may be tested against the TC-CSF 
groWth factor to assess for any neutraliZation, using the agar 
clonal assay as described in Example 2 and 3. Some of these 
antibodies are directed against IL-3, GM-CSF, BSF-1 and 
the IL-2 receptor. Monoclonal antibodies may be tested in a 
1:1 dilution With the TC-CSF groWth factor fraction and 
animal sera containing antibody in a dilution of 1:500. The 
speci?city of the antibodies and thus their ability to neu 
traliZe the respective groWth factors or receptor has been 
established previously. [See, for example anti-IL-2 receptors 
antibodies 3C7 and 7D4, Ortega et al., J. ImmunoL, 133, 
1970 (1984); Malek et al., J. ImmunoL, 133, 1976 (1984); 
anti-murine recombinant GM-CSF, MochiZuki et al., J. 
ImmunoL, 136, 3706 (1986); for anti-IL-3, monoclonal 
antibody 19B3.1, Abrams et al., J. ImmunoL, 140, 131 
(1988); anti-BSF-l, monoclonal antibody 11B11, Ohara et 
al., Nature, 315, 333 (1985).] No neutraliZing activity by 
these antibodies on the TC-CSF is observed. This result 
illustrates that the TC-CSF is distinct from these other 
groWth factors. 

EXAMPLE 9 

Amino Acid Composition of TC-CSF 

The amino acid composition of a TC-CSF sample may be 
prepared in the folloWing manner. FolloWing gel electro 
phoresis as in Example 5, a TC-CSF-containing gel may be 
blotted on to a PVDF blot membrane at 90 volts for 24 
minutes. The TC-CSF protein band may be identi?ed by 
staining With Coomassie blue and the band excised and used 
in a Waters Pico Tag amino acid analysis system. The 
method involves hydrolysis and precolumn derivatiZation of 
the sample folloWed by reverse phase HPLC. It is based on 
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the application of the phenylisothiocyanate (PITC) chemis 
try developed by Edman for amino terminal residue 
sequencing of proteins using PITC as a tagging reagent in 
the precolumn derivatiZation of protein and peptide hydroly 
sates. The folloWing protocol may be employed: 1) collect 
and dry the samples; 2) hydrolysis at 110° C. for 24 hours; 
3) dry the sample further; 4) derivatiZation; 5) liquid chro 
matography and 6) data analysis. 
An example of the data derived is given in Table 1. It 

should be noted that, in this determination, the percent of 
sample injection in the ?nal volume is 50%. The amino acids 
tryptophan and cysteine are destroyed during acid hydroly 
s1s. 

TABLE 1 

Predicted Number 
Amino Acid Picomoles Percent in TC-CSF 

Asx 81.60 7.36 41 
Glx 138.52 12.49 69 
Ser 77.18 6.96 38 
Gly 121.74 10.98 60 
His 23.35 2.11 11 
Arg 40.14 3.62 20 
Thr 39.14 3.53 20 
Ala 65.98 5.95 33 
Pro 42.44 3.83 21 
Tyr 36.49 3.29 18 
Val 43.77 3.95 22 
Met 10.59 0.96 5 
Cystine 36.31 3.27 18 
He 70.09 6.32 35 
Leu 32.90 2.97 16 
Phe 125.43 11.31 62 
Lys 123.34 11.12 61 

The amino acid composition data supports the results 
reported in other Examples indicating a TC-CSF has a MW 
of about 55 Kd, and is distinct from other knoWn hemato 
poietic groWth factors. 

EXAMPLE 10 

Amino Acid Sequencing 

An Applied Biosystems sequencer (Applied Biosystems, 
Foster City, California) automates the determination of 
amino acid sequences of proteins. Asample may be prepared 
in the folloWing manner. FolloWing gel electrophoresis as in 
Example 5, the gel may be blotted on to PVDF blot 
membrane at 90 volts for 24 minutes. The TC-CSF protein 
band may be identi?ed by staining With Coomassie blue and 
the band excised and placed in a column of the sequencer for 
sequencing folloWing the procedure recommended by the 
manufacturer. The sequencer controller may then collect and 
analyZe the chromatographic data to interpret the informa 
tion. 

Interpretation of chromatographic data on amino acid 
sequencing of TC-CSF suggested an amino terminal residue 
sequence of SEQ ID NO: 3. 

EXAMPLE 11 

Differentiation of TC-CSF from other KnoWn 
Hematopoietic GroWth Factors 

A groWth factor TC-CSF according to the present inven 
tion has a MW of 55 Kd and multi-lineage activity. As noted 
above, none of IL-3, GM-CSF, CSF-1, and G-CSF have a 
MW exceeding about 30 Kd. The activity of this groWth 
factor, is not inhibited by speci?c antibodies against IL-3, 
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GM-CSF, BSF-1 and anti-IL-2 receptor. Comparison of 
protein conformation and amino acid distribution has been 
made With albumin, CSF-1, GM-CSF and IL-3 With no 
demonstration of homology. 

Furthermore a partial sequence of the TC-CSF has been 
compared With albumin, CSF-1, GM-CSF, G-CSF, IL-3, 
BSF-1, BSF-2, IL-6 and neuroleukin, With no demonstration 
of proper homology. Neuroleukin Was included because it is 
a T cell lymphokine Which has a MW of 56 Kd, although no 
hematopoietic groWth factor activity has been demonstrated 
by this molecule. 

The partial sequence of TC-CSF Was compared against a 
data base consisting of over 1 million residues in 4749 
sequences. Highest scores Were obtained With the coat 
protein of bacteriophage q-be, ?bronectin and viral polypro 
tein. This suggests that TC-CSF may have some similarities 
With these proteins but is not identical to them. It also serves 
to distinguish TC-CSF further from other knoWn groWth 
factors Which may be implicated in hematopoiesis. 

EXAMPLE 12 

Construction of TC-CSF Oligonucleotides 

Oligonucleotides encoding portions of TC-CSF may be 
synthesiZed using the above amino acid sequence by the 
procedure of Caruthers, US. Pat. No. 4,415,732 and deox 
yribonucleic acid and ribonucleic acid probes and primers 
for site-directed mutagenesis (e.g., for use in polymerase 
chain reaction assay or ampli?cation procedure) may be 
made by in vitro transcription of the oligonucleotides. 

Plasmids including DNA sequences according to the 
present invention may be labeled With a radioactive isotope 
or With a non-radioactive chemical tag and used as probes. 
Such plasmids may also be used to synthesiZe the labeled 
RNA probes. The labeled probes may be used to detect the 
presence of homologous DNA sequences and/or mRNA 
sequences encoded by these DNA sequences in cells of any 
species, for example by the Southern or Northern hybrid 
iZation procedure or by dot blot or slot blot hybridiZation or 
by in situ hybridiZation techniques. Stringent hybridiZation 
conditions for hybridiZation assays according to the present 
invention may generally be de?ned as reactions functionally 
equivalent to hybridiZation carried out in 4><SSC and 0.5% 
SDS at a temperature of 65° C. in the last Wash. 

Nonstringent hybridiZation conditions, for identifying 
TC-CSF encoding DNA by screening cell libraries may be 
determined by principles knoWn to those skilled in the art of 
cloning homologous genes. 

Oligonucleotides according to the present invention may 
be bound to beads or may be labeled for use in assays by 
methods Well understood by those skilled in the art. 

EXAMPLE 13 

TC-CSF Peptides and Antibodies Thereto 

Peptides corresponding to different portions of TC-CSF 
proteins, preferably 12—20 amino acid residues in length, 
may be chemically synthesiZed by solid-phase methods. Any 
TC-CSF polypeptides or analogs according to the present 
invention may be used to elicit speci?c polyclonal and 
monoclonal antibodies [Lerner, Nature, 299, 592—596 
(1982); Niman et al., Proc. Natl. Acad. Sci. (USA), 80, 
4949—4953 (1983)]. The amino acid sequence of TC-CSF 
facilitates the design of immunogenic peptides correspond 
ing to suitable immunogenetic regions Which may be deter 
mined according to procedures Well knoWn to those skilled 
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in the art [See, e.g., Novotny et al., Proc. Natl. Acad. Sci. 
(USA), 83, 226—230 (1986) and Van Regenmortel, Trends 
Biochem. Sci., 11, 36—39 (1986)]. 

EXAMPLE 14 

Recombinant Expression of TC-CSF 

Complete and partial TC-CSF gene products and analogs 
may be expressed in bacteria, yeast or mammalian expres 
sion systems obtained using products based on amino acid 
sequences derived from isolated TC-CSF according to the 
present invention by inserting the DNA encoding TC-CSF 
into an expression vector, for example a plasmid, phage or 
viral expression vector [Vieira et al., Gene, 19, 259—268 
(1982); Young et al., Proc. Natl. Acad. Sci. (USA), 80, 
1194—1198 (1983); Bitter et al., Gene, 32, 263—274 (1984); 
Cepko et al., Cell, 37, 1053—1062 (1984); and Gorman et al., 
Mol. Cell. Biol, 2, 1044—1051 (1982)]. 

The expressed proteins or polypeptides may be puri?ed, 
for example in Example 4, and used to raise speci?c 
antibodies (an epitope comprising about 6 or more amino 
acids as encoded by 18 or more nucleotides, respectively) or 
as ligands for antibodies such as may be employed in an 
immunoassay. 

EXAMPLE 15 

Probes and Screening for TC-CSF Clone 

Oligonucleotide encoding portions of TC-CSF Were syn 
thesiZed using a partial amino acid sequence of TC-CSF set 
out in SEQ ID NO: 4 Which Was derived from resequencing 
of TC-CSF and interpretation of the results thereof. 

The CDNA library Was constructed from murine T 
lymphocytes, the EL4 cell line, in the Lambda Zap 11TM 
vector that contained the BluescriptTM plasmid [Bullock et 
al., Biotechniques, 5, 376—379 (1987)]. The cDNA library 
Was acquired from the commercial vendor of this product 
(Mouse EL4 cDNA Library, Product No. 936303, Stratagene 
Cloning Systems, La J olla, Calif.). The primer for the library 
Was oligo-(dT), average insert siZe 1.0 Kb and cloning site 
EcoRI. The number of primary plaques Was 2.0><106 With an 
estimated titer of 4.0><109/ml. The host strain recommended 
for screening and ampli?cation in the Stratagene product 
literature Was XLl-BlueTM. 

By the procedure of Caruthers US. Pat. No. 4,415,732, a 
17-mer probe Was constructed With 64 permutations. The 
TC-CSF oligonucleotides Were labeled With radioactive 
phosphorous (32p) and used as probes to screen the CDNA 
library derived from EL4 cells in the lambda bacteriophage 
vector. In order to establish speci?city of the oligonucle 
otides for cDNA in the library, unlabeled oligonucleotides 
Were used as primers in the polymerase chain reaction and 
for in vitro transcription from the primer. The target DNA 
Was 8.1><108 lambda bacteriophage clones containing cDNA 
from the EL4 cell line. The primers for the PCR Were the 
oligonucleotide and (ii) either the T3 or T7 RNA Polymerase 
promoter for the lambda bacteriophage. The deoxyribo 
nucleotide triphosphates (dNTPs) Were used at saturating 
conditions (200 micromolar for each DNTP) and Taq DNA 
Polymerase (Perkin Elmer Cetus N801-0046) at approxi 
mately 2 units to catalyZe a typical ampli?cation reaction. 
The cycle pro?le for an ampli?cation reaction may be: 
denaturation at 94° C. for 1 minute; annealing at 50° C. for 
1 minute; and polymeriZation 72° C. for 2 minutes for 30 
cycles and then the difference in the last cycle may be 
PolymeriZation at 72° C. extended for 5 minutes. An aliquot 
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(10 pl) of the reaction mixture Was subjected to 1% agarose 
gel electrophoresis and revealed a major ampli?cation prod 
uct of approximately 800 base pair siZe. This established that 
the oligonucleotides Were speci?c for target DNA contained 
in 8.0><108 lambda bacteriophage clones containing cDNA 
from EL4 cells. The next step Was to screen smaller library 
aliquots in order to identify the clone. 
An initial PCR ?lter screening Was done. A total of six 

?lters Were prepared each containing 1><10° plaque forming 
units. Preparations from each of these ?lters Were ampli?ed 
using the oligonucleotides constructed from the amino acid 
sequence of TC-CSF as above. A major PCR product of 
approximately 800 base pair siZe Was seen and a number of 
discreet products ranging from approximately 250 to 1000 
base pairs Were observed. Therefore, the PCR products Were 
evaluated by Southern hybridization. The ampli?ed material 
from the ?lters Was electrophoresed on a 1.2% agarose gel 
and capillary blotted onto a nylon membrane. The blotted 
DNA Was hybridiZed With radiolabeled oligonucleotides. 
Even under stringent hybridiZation conditions the 800 base 
pair major band hybridiZed to the labeled oligonucleotides. 
The conditions being equivalent to hybridiZation carried out 
at 4><SSC and 0.5% SDS at a temperature of 65° C. in the last 
Wash. This indicated that the oligonucleotides Were speci? 
cally hybridiZing to DNA contained in the 1><10° plaque on 
the ?lter. 

Next, plaque hybridiZation Was done. A total of 10 ?lters 
each containing immobiliZed protein from 5><104 Pfu Were 
hybridiZed With the 32p labeled oligonucleotide. Successful 
hybridiZation Was established by autoradiography. Under 
conditions of loWer stringency, six putative positive clones 
Were identi?ed. Under conditions of high stringency, one 
clone Was strongly positive. The Pfu on the probe corre 
sponding to the immobiliZed positive clone on the ?lter Was 
picked and expanded in E. coli XL1-Blue cells. 

The Lambda Zap 11TM vector (stratagene) alloWs the in 
vivo subcloning of the cloned insert contained in the Blue 
scriptTM plasmid Within the lambda vector to form a 
phagemid containing the cloned insert. The methodology 
Was as per Stratagene technical manuals and product litera 
ture. The R408TM helper phage and XLI-Blue cells 
(Stratagene) Were used to successfully excise the cloned 
DNA insert. The nascent insert containing phagemid Was 
secreted from the E. coli through pilii by signals contained 
Within the f1 terminator origin DNA sequence. FolloWing 
secretion of the phagemid that Was resistant to the heat 
treatment the E. coli cells Were removed from the superna 
tant by heating at 70° C. Miniprep DNA Was made by 
transfection of the fresh E. coli. The DNA derived from 
preparations of these colonies Was used for analysis and 
sequencing of the insert. 
The insert contained betWeen the T3 and T7 RNA poly 

merase promoters Was rescued and analyZed on 1% agarose 
gel. The siZe of the insert Was approximately 2.3 Kb. All 
appropriate controls and markers Were used for the analysis. 
A good yield of cloned DNA Was obtained With the helper 
phage R408TM (Stratagene) and used for dideoxynucleotide 
sequencing. FolloWing lysis With alkali, recovery and puri 
?cation Were either by fractionation in loW-melting 
temperature agarose gels or by equilibrium centrifugation in 
cesium chloride-ethidium bromide gradients. The DNA Was 
labeled using [S35 ]-DAT P labeling mixture and cut With the 
restriction enZyme EcoRI for sequencing. 

EXAMPLE 16 

Sequencing of TC-CSF Clone 

The method used for DNA sequencing Was the enZymatic 
method of Sanger et al., Proc. Natl. Acad. Sci., 74, 5463 
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(1977). Taq DNA polymerase, AmpliTaqTM (Perkin Elmer 
Cetus) Was used for the chain extension and chain termina 
tion reaction mixtures, together With solutions of dNTPs and 
ddNTPs. Denaturing polyacrylamide sequencing gels Were 
run and read after autoradiography of the sequencing gels. 
Uniform band intensities Were observed in the sequencing 
ladders for 257 nucleotide sequences at the 5‘ end and 234 
nucleotide sequences at the 3‘ end. The nucleotide sequence 
With the corresponding amino acid sequence for murine 
TC-CSF is given in SEQ ID NO: 1. Veri?cation and con 
?rmation of the speci?city of the sequence for murine 
TC-CSF Was done by isolating and sequencing a feW other 
clones that Were Weakly positive With the oligonucleotide 
probe under less stringent conditions and some negative 
clones. No homology Was identi?ed With the sequence of 
these other clones With that of the sequence of the oligo 
nucleotide probe. 

The sequence of murine TC-CSF Was compared With 
sequences of other knoWn groWth factor molecules and no 
real homology Was demonstrated With other groWth factor 
molecules. Only four amino acids in sequence in TC-CSF 
matched four amino acids in murine IL-3. These Were 
Lys-Ser-Asn-Leu in position 71—74 in TC-CSF and in posi 
tion 97—101 in IL-3. HoWever the nucleotide sequence for 
these four amino acids in the tWo molecules Was entirely 
different. 

It is believed that SEQ ID NO: 1 is a nucleotide sequence 
from a partial clone in that the ?rst 11 nucleotides are part 
of a restriction site. Accordingly, in SEQ ID NO:2, an amino 
acid sequence is presented Which is deduced from the 
nucleotide sequence of SEQ ID NO: 1 supplemented by 
Pro-Leu as second and third residues (as obtained from prior 
nucleotide sequencing in a T7 vector) and an initial Met (as 
obtained in amino acid sequencing). Stop codons prior to 
position 1662 of SEQ ID NO:1 have been identi?ed as 
unknoWn residues (i.e., “Xaa”) in SEQ ID NO: 2 on the basis 
that amino acid composition data indicate that the length of 
mouse TC-CSF is approximately 554 amino acids, and that, 
therefore, stop codons prior to position 1662 represent 
mutations or sequencing errors. One skilled in the art may 
amend SEQ ID NO: 2 upon consideration of the repeated 
amino acid sequence data of the folloWing eXample. 

EXAMPLE 17 

Repeated Amino Acid Sequencing 

Repeat amino acid sequencing resulted in the identi?ca 
tion of 45 amino acids from the amino terminal end as 
disclosed in Table 2. 

TABLE 2 

1. Met 24. Leu 
2. Pro 25. Tyr or Pro 
3. Leu or Glu 26. Phe 
4. Leu 27. Cys or Ser 
5. Cys or Gly or Tyr 28. Pro or Ile 
6. Ala 29. Ile 
7. Ser 30. Leu or Phe or Tyr 
8. Gly or Glu 31. Ser or Tyr 
9. Asp 32. Ser or Phe or Ile 

10. Thr 33. Ile 
11. Pro 34. Tyr or Ser 
12. Met 35. Phe 
13. Pro 36. Ser 
14. Glu 37. Ile 
15. Asn or Lys 38. Ser 
16. Leu 39. Ser or Ile 
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TABLE 2-continued 

17. Asp or Glu 40. Ile 
18. Tyr 41. Phe 
19. Thr 42. Ser 
20. Phe 43. Tyr 
21. Tyr 44. Gly or Tyr or Lys 
22. Glu or Ser 45. Lys 
23. Glu 

Comparison of the nucleotide sequence With amino acids 
1—45 from the amino terminus reveals that there is an initial 
Met before the Pro. 

Amino acid no. 12 encodes a Met, With the nucleotide 
sequence being GTG. This may code either for Met or Val. 

Amino acid no. 42 is serine; the nucleotide sequence is 
TAA, an ochre mutation. 

Amino acid no. 43 is Tyr; the nucleotide sequence is TAG, 
an amber mutation. 

EXAMPLE 18 

Anti-Idiotypic Antibodies to TC-CSF 

Anti-idiotypic antibodies may be made from antibodies 
raised against any species TC-CSF, as for antibodies to 
mouse TC-CSF described above. See, e.g., Kennedy et al., 
Scienti?c American, 48—56 (July 1986); Jerne, Scienti?c 
American, 52—60 (July 1973); MarX, Science, 228, 162—165 
(1985); Finberg et al., CRC Critical Reviews in Immunology, 
7, 269—284 (1987); and Kennedy et al., Science, 232, 
220—223 (1986). 

EXAMPLE 19 

Screening for the Human TC-CSF Clone 

Expressing the cloned human gene obtained by using the 
amino acid, nucleotide sequences or antibodies disclosed 
herein, permits the use of TC-CSF by patients With an 
otherWise fatal disease. Steps for cloning the human gene are 
described as folloWs. Partial homology Was established 
betWeen the cloned murine gene and genomic DNA from a 
human Jurkat T lymphocyte cell line by Southern hybrid 
iZation. A cDNA library Was constructed from the Jurkat 
human T lymphocyte cell line in a lambda bacteriophage 
vector. Labeled probes based on the murine gene Were 
utiliZed to screen the library. 

Although the murine gene Was used as a probe, fragments 
of the gene or oligonucleotides synthesiZed from the murine 
gene sequence may be used as probes or as primers in a 
polymerase chain reaction With target DNA derived from 
human T lymphocytes. The ampli?cation products may be 
labeled and used as probes to screen the library or sequenced 
to detect the presence of homologous DNA sequences 
betWeen species. Based upon these sequences oligonucle 
otide probes may be synthesiZed to screen the human library. 

Speci?cally the cloned insert containing the gene for 
murine TC-CSF Was labeled With 32p and used as probe to 
screen the human T cell library for the human TC-CSF gene. 

The cDNA library Was constructed from human T 
lymphocytes, the Jurkat cell line, in the Lambda Zap 11TM 
vector that contained the BluescriptTM plasmid. The cDNA 
library Was acquired from the commercial vendor of this 
product (human Jurkat cDNA Library, Product No. 936204, 
Stratagene Cloning Systems, La Jolla, Calif.). The primer 
for the library Was oligo-(dT), average insert siZe 0.8 kb. The 
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cloning site restriction enzyme digestion Was EcoRI. The 
number of primary plaques Was 2.0><106, With an estimated 
titer of 2.0><101O/ml. The host strain recommended for 
screening and ampli?cation Was XLl-BlueTM E. coli. 

Plaque hybridization Was done With a total of 30 ?lters, 
each containing immobilized protein from 5><104 plaque 
forming units. Successful hybridization Was established by 
autoradiography. Even under loW stringency conditions only 
one positive clone Was identi?ed. FolloWing con?rmation at 
higher stringency the clone Was picked and expanded. The 
in vivo subcloning, excision and rescue o f the insert Was 
done as per Stratagene technical manual as described in 
Example 15 for the murine gene. 

The size of insert W as approximately 800 bases. Miniprep 
DNA Was made folloWing alkali lysis; recovery and puri? 
cation either by fractionation in loW-melting-temperature 
agarose gels or by equilibrium centrifugation in cesium 
chloride-ethidium bromide gradients. The DNA Was labeled 
With S35dATP labeling mixture and cut With restriction 
enzyme EcoRI for dideoxynucleotide sequencing. 

The cDNA for TC-CSF Was cloned in the helper phage 
M13 and sequenced by the Sanger method as described 
previously. The entire nucleotide sequence for cDNA of 
TC-CSF has been analyzed and potential initiation codons 
have been identi?ed. From the nucleotide sequence and the 
encoded amino acid sequence, it is apparent that the entire 
gene has been cloned and that the TC-CSF is a monocis 
tronic product. 

EXAMPLE 20 

Sequencing of the Human TC-CSF Clone and 
Homology With Murine TC-CSF Clone. 

The method used for DNA sequencing Was the enzymatic 
method of Sanger et al., as described in Example 16. The 
nucleotide sequence and a deduced amino acid sequence for 
human TC-CSF is given in SEQ ID NO: 5, stop codons (as 
indicated by an asterisk, “*”, in SEQ ID NO: 5) may result 
from sequencing errors, contamination or sequencing of 
complementary DNA formed from mRNA as described 
beloW. Apreliminary expression product of about 110 amino 
acids in length may correspond to the open reading frame 
betWeen position, 133 and 540. FIG. 2 is a depiction of the 
reverse complement of the coding region. 
Homology With the murine TC-CSF Was determined and 

is given in Table 3 Wherein amino acids Which are identical 
in both mouse and human TC-CSF are indicated by an 
asterisk above the human sequence. 

TABLE 3 

Sequence comparison of Human 
and Murine Homologous Regions 

it it it it 

W Y W T F V I K 

Human 81 T TGG TAC TGG ACC TTT GTA ATT AAA 105 

Y F V R K 

Murine 840 CC TAC 845 TTT GTG CGA AAG 856 

it it it 

I N L F Y N S N 

Human 106 ATT AAT TTA TTT TAC AAT AGT AAC 129 

G S L N S S 

Murine 857 GGT TCC TTA 869-1076AAT AGT TCA 1084 
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TABLE 3-continued 

Sequence comparison of Human 
and Murine Homologous Regions 

it it it it it 

S P V W K K K Q 
Human 130 TCA CCT GTA TGG AAA AAA AAA CAA 153 

P V K K K S 

Murine 1094 CCT GTT — — AAA AAA AAA TCA 1117 

it it it it 

P A L F G A L D 

Human 154 CCA GCT CTG TTT GGT GCT TTG GAT 177 

P F E T L D 

Murine 1118 CCC —— —— TTT GAG ACT TTG-GAT 1150 

In Table 3 the human sequence for TC-CSF has been 
matched for homology With the murine TC-CSF sequence. 
The homologous region in the human sequence Was 100 
bases extending from nucleotide sequence No. 81 to 177 
(nucleotide and amino acid sequence, SEQ ID NO:9; amino 
acid sequence, SEQ ID NO:10). In the murine sequence 
(nucleotide and amino acid sequence, SEQ ID NO: 11: 
amino acid sequence, SEQ ID NO: 12) the region spanned 
310 bases from nucleotide sequence No. 840 to 1150. Within 
this region of 310 bases in the murine sequence there Was a 
break in homology of 210 bases from nucleotide sequence 
No. 865 to 1076. BetWeen murine sequence No. 1100 to 
1105 there Was a break of tWo amino acids denoted by tWo 
bars (these Were T and E), compared With one amino acid in 
the human sequence. BetWeen sequence No. 1121 to 1132 
there Was a break of four amino acids denoted by four bars 
(these Were F; T; V; S [SEQ ID NO: 13]), compared With tWo 
amino acids in the human sequence. Homologous amino 
acids Were indicated by an asterisk above the human 
sequence. Each homologous region constituted approxi 
mately 15% of the DNA sequence in the respective gene 
inserts. 
Homology betWeen the sequence of the human gene and 

murine gene Was seen concentrated over some regions in the 
tWo gene inserts. This homologous region Was betWeen 
nucleotide sequences 81 to 180 in the human DNA sequence 
and betWeen nucleotides 840 to 1150 in the murine DNA 
sequence. The 100 nucleotides contained in this region in the 
human gene and the 310 nucleotides contained in the region 
demonstrating homology in the murine gene, constitute 
approximately 15% of each DNA sequence in the respective 
gene inserts. The larger span in the murine sequence that is 
homologous to the human DNA sequence may be consid 
ered to be due to, regions of intervening sequences that are 
usually untranscribed in mRNA and present in the murine 
DNA sequence and in nuclear RNA. 

Hematopoietic groWth factors such as GM-CSF and IL-3 
are knoWn to have tWo different mRNAs With striking 
structural similarities. Splicing of the heterogeneous nuclear 
RNA (hnRNA) results in mRNA of various lengths. The 
precursor hnRNA encodes the same protein as the short 
mRNA, hoWever it is longer due to the additional peptides 
at the amino terminus domain, encoded by the additional 
sequences at the 5‘ region. The hnRNA may have more than 
one AUG initiation codon, hoWever, translation in vitro has 
been demonstrated to initiate at the ?rst AUG in preference 
to the second or third. Furthermore, it is knoWn that in 95% 
of eukaryotic mRNAs translation begins at the AUG codon 
closest to the 5‘ end of the mRNA (Kozak, NucleicAcia' Res., 
12, 857 (1984)). In DNA libraries made from RNA contain 
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ing hnRNA the sequence may include intervening sequences 
that are not included in cDNA libraries made from mRNA. 

It may be considered that the murine TC-CSF formed in 
vitro by PMA stimulation of the EL-4 cells, may contain 
TC-CSF synthesiZed from hnRNA that has the additional 5‘ 
residues. Oligonucleotide probes constructed from the 
amino acid sequence of the amino terminus domain of the 
protein may select for the hnRNA derived DNA clone. 
Restriction enZyme digestion by EcoRI of the plasmid 
containing the murine clone yielded a single fragment only 
that Was 2.6 kb long, consistent With this being a single 
insertion at the cloning site. 

The labeled murine insert that Was used to screen the 
human library may select the clone in Which transcribed 
homologous regions Were present. Thus preferentially 
selecting the homologous mRNA-derived cDNA clone from 
the human library. This explained the smaller insert siZe of 
800 bases of the human clone With the “concertina like” 
effect on the homologous region compared With the murine 
DNA sequence. Further evidence that the transcription 
region for mRNA in the murine gene may be approximately 
800 bases Was evident from the in vitro transcription product 
of 800 bases in the PCR described in Example 14. Poly 
merase chain reactions With an anchored primer for 
sequences at the 5‘ region of the murine gene, With second 
primers each from sequences at varying distance from the 3‘ 
end, including vector sequences ?anking the insertion site, 
in reactions With the murine insert all gave in vitro tran 
scription products of approximately 800 bases. 
A complete amino acid sequence for the cloned human 

TC-CSF insert is provided in SEQ ID NO: 6. In SEQ ID NO: 
6, codons indicated as stop codons in the amino acid 
sequence of SEQ ID NO: 5 are identi?ed as unknown amino 
acids (“Xaa”). 

The nucleotide sequence of murine and human TC-CSF 
are distinct from the sequence of any other knoWn groWth 
factors. Thus, murine and human genes for a novel groWth 
factor have been cloned. 

EXAMPLE 21 

TC-CSF Assays 
TC-CSF according to the present invention may be the 

subject of immunoassays, hybridiZation assays and primer 
extension assays, such as those using the polymerase chain 
reaction (“PCR”). Such assays may be used to detect the 
presence of or site amount of a TC-CSF. By determining the 
presence or amount of a TC-CSF, diagnosis of conditions 
characteriZed by an insufficiency or an excess of TC-CSF is 
facilitated. Similarly, treatment With TC-CSF may be moni 
tored With respect to attainment or maintenance of a desired 
level of TC-CSF. 
At least one member of a TC-CSF antigen/antibody 

complex may be linked to a signal molecule Which permits 
detection or quantitative analysis. Polyclonal or monoclonal 
antibodies or a mixture thereof may be employed in a 
TC-CSF immunoassay, as may be single chain antibodies, 
antibody fragments (including Fab fragments), dabs and 
mabs. 

The format of TC-CSF immunoassays may be one-site or 
tWo-site (“sandwich”). SandWich TC-CSF assays may be 
one-step assays or tWo-step assays, for example. 

Such assays may be prepared in the form of a kit con 
taining an antibody to a TC-CSF and/or TC-CSF lyophiliZed 
or in solution in separate bottles. Either a TC-CSF or an 
antibody thereto may be labeled. A solid support may be 
linked either to a TC-CSF or to an antibody thereto. 
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For hybridiZation assays, probes may be prepared in the 

form of a kit. Containers including a nucleotide probe 
complementary in sequence to a TC-CSF polynucleotide 
(coding or complementary strand) may be labeled and may 
be prepared in solution or in lyophiliZed form. Such a probe 
may be bound to a support, or a TC-CSF polynucleotide may 
be bound to a support. Aprobe or a TC-CSF polynucleotide 
may be bound to a signal or a reporter molecule. 

PCR or other primer extension probes for TC-CSF assays 
may be coding or complementary TC-CSF polynucleotides 
as described above. Such polynucleotides may be packaged 
in lyophiliZed form in a kit. 

EXAMPLE 22 

Products of In Vitro Transcription and Translation 

Further characteriZation of the murine and human gene 
inserts Was obtained by in vitro transcription and translation. 
An RNA transcription kit (Stratagene, Catalog #200340) 
Was employed. The RNA transcription kit contains the 
polymerases, buffers, and ribonucleotides necessary for the 
in vitro synthesis of RNA transcripts from vectors contain 
ing T3 or T7 promoters as is Well understood by those skilled 
in the art. The generated RNA transcripts Were translated 
With an in vitro translation kit (Stratagene, Catalog 
#200360) in a eukaryotic rabbit reticulocyte lysate, cell-free 
environment for translating exogenous mRNA into proteins. 
The exogenous message added to the lysate Was translated 
in the presence of 35S-methionine Which Was incorporated in 
to the neWly synthesiZed proteins. The procedures according 
to Stratagene technical manuals Which accompanied the kits 
Were folloWed. The expressed proteins Were electrophoresed 
on an SDS-polyacrylamide gel With appropriate controls. 
The 35S-labeled proteins Were visualiZed by ?uorography. 
The gel Was soaked in Amplify (Amersham, Arlington 
Heights, Ill, Catalog #NAMP-100), With 2% glycerol for 30 
min. and dried. Autoradiography Was performed in Kodak 
developing cassettes using Kodak XAR-S ?lm (Kodak, 
Rochester, 
The murine gene product exhibited an electrophoretic 

mobility of 20 to 23 Kd. The human gene product Was 
observed at approximately 11 to 13 Kd. 

EXAMPLE 23 

Prokaryotic Expression of the Human and Murine 
Genes 

The murine gene and the human gene Were expressed in 
a prokaryotic expression system. Both genes Were cloned in 
the pBluescriptTM plasmid as detailed previously. Both 
inserts may be released from the pBluescriptTM plasmid by 
the cloning site restriction endonuclease EcoRI. A complete 
vector map is available from Stratagene. Restriction endo 
nuclease analysis of the tWo inserts Was initially performed 
to determine the restriction sites present Within the gene 
sequences. It Was established folloWing restriction enZyme 
digestion and electrophoresis of the products on 1% agarose 
gels, that the restriction endonucleases EcoRI, SalI, and 
BamHI do not digest Within the murine or human gene 
inserts. These enZymes may therefore be used With compat 
ible sites in the polycloning region of other vectors, in order 
to clone the inserts into appropriate expression vectors. A 
unique XbaI site is present in the murine gene that gave 0.7 
Kb and 1.8 Kb products folloWing digestion With XbaI. The 
possibility Was considered that star activity (non-speci?c 
digestion) may be seen With XbaI* on the human gene insert 



US 6,254,861 B1 
21 

and that star activity may be seen With HindIII* on both the 
murine and human gene inserts and therefore these enzymes 
Were not utilized for subcloning experiments. 

Prokaryotic expression of the murine and human genes 
respectively, produces recombinant protein When cloned 
into any of several different expression vectors. This 
includes the pGEM-4ZTM plasmid (Promega Corporation, 
Madison, Wis., Catalog #p2161), a vector Which alloWs the 
synthesis in vitro of RNA transcripts. This vector contains 
dual opposed SP6 and T7 promoters ?anking a multiple 
cloning site, alloWing RNA to be transcribed from either 
strand of the insert. 
The vector alloWs blue/White color selection for 

recombinants, by virtue of containing a sequence coding for 
the lac alpha peptide Which, by complementing the product 
of the host cell lac Z A M15 gene, leads to the production of 
functional [3-galactosidase. Bacterial colonies With the lac Z 
gene and also containing a pGEM-4ZTM vector Were blue in 
color When plated on indicator media containing IPTG and 
X-gal. HoWever, When the lac alpha peptide Was disrupted, 
by cloning into the pGEM-4ZTM multiple cloning region, 
complementation did not occur and no [3-galactosidase 
activity Was produced. Therefore, bacterial colonies harbor 
ing recombinant pGEM-4ZTM vector constructs Were White. 
A complete vector map of the pGEM-4ZTM plasmid is 

provided by Promega. The murine and human gene inserts 
may be rescued from the pBluescriptTM plasmid folloWing 
digestion With EcoRI and isolation in loW temperature 
melting point agar. The pGEM-4ZTM vector may be prepared 
for subcloning by digestion With EcoRI in order to generate 
compatible ends for cloning the genes. The standard meth 
odology employed Was as per Molecular Cloning, A Labo 
ratory Manual, Sambrook et al. eds., Cold Spring Laboratory 
Press, 2nd edition (1989). Instructions or conditions cited in 
the accompanying product literature Were folloWed. 

The vector DNA Was treated With calf intestinal alkaline 
phosphatase (CIAP) (Promega Catalog #M1821) in order to 
remove the 5‘ phosphate groups and prevent recirculariZa 
tion of the vector during ligation. FolloWing incubation With 
CIAP for 60 min. at 37° C., the reaction Was stopped With 
0.5 M EDTA, the CIAP and restriction enZyme Was 
removed, and the DNA Was puri?ed by phenol extraction 
and ethanol precipitation prior to ligation. The optimal ratio 
for ligation of the murine and human inserts to the vector 
DNA Was determined to be 1:1 for the murine insert and 3:1 
for the human insert respectively. The ligation reactions 
Were set up With the appropriate ratio of insert to vector 
DNA, e.g., 1 pg insert DNA With 1 pg vector DNA for 1:1 
ratio; and 1 pg insert DNA With 0.3 pg vector DNA for the 
3:1 ratio, With: T4 DNA ligase (Promega Catalog #M1801), 
1 Weiss unit per reaction; ligase 10>< buffer, 1 pl per reaction; 
and deioniZed Water added to bring the ?nal volume to 10 pl. 
The Ligation reaction mixtures Were incubated at 25° C. for 
1 hr. 

FolloWing ligation, the plasmids containing the murine 
and human gene constructs respectively Were used to trans 
form competent E. coli of the JM 109 strain (Promega), 
transformation Was induced With DMSO and incubation Was 
carried out on ice for 30 min. The resulting E. coli With 
recombinant constructs Were selected by White coloration 
When plated on indicator media containing IPTG and X-gal. 
The non-recombinants bacteria Were blue. 

The recombinant protein Was expressed by groWing the 
selected E. coli in LB broth for 24 hours and then adding 
IPTG to a ?nal concentration of approximately 0.5 mM. The 
culture Was incubated for 3 to 4 hours or overnight to 
increase the yield of expressed protein. 
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FolloWing centrifugation, soluble protein Was present in 

the supernatant. Intracellular protein may be extracted from 
the bacterial pellet by resuspension in buffer (e.g., 50 mM 
Tris-HCl pH 7.5, 2 mM EDTA, 0.1 M NaCl and lysoZyme 
to a ?nal concentration of 100 pig/ml). FolloWing incubation 
at 30° C. for 15 minutes the sample may be centrifuged to 
collect the supernatant containing solubiliZed protein. The 
protein may then be subjected to studies by SDS-Page, 
fractionation and in vitro assays for further characteriZation. 

Prokaryotic expression may also be achieved by cloning 
the murine and human gene inserts into the pPL lambda 
thermoinducible expression vector (Pharmacia, PiscataWay, 
N.J., Catalog #27-4946-010). The phage derived PL pro 
moter vector may be used for production and manufacture of 
regulated transcription. HoWever, plasmids carrying the PL 
promoter may be unstable due to the high level of transcrip 
tion. This problem of instability may be overcome by 
repressing PL transcription using bacterial hosts that contain 
an integrated copy of a portion of the phage genome. Such 
as in E. coli strain N 99 cI+ (Pharmacia) that is a K-12 
lambda lysogen. This strain contains the Wild type cI+ 
lambda repressor and may be used for convenient groWth of 
either modi?ed or unmodi?ed pPL lambda. The host strain 
used for thermoinducible protein expression for pPL— 
lambda Was E. coli N4830-1 (Pharmacia). This strain carries 
the temperature sensitive cI 857 lambda repressor and the N 
genes. The N expression ensures that transcription traverses 
the entire PL transcription unit. A complete vector map is 
available from Pharmacia. Treatment of the EcoRI cloning 
site of the vector may generate compatible ends With EcoRI 
digestion and rescue of the murine and human gene inserts 
respectively. The vector carried Ampicillin resistance gene 
that may be used for selection of transformed E. coli 
carrying vectors With constructs. Standard methodology Was 
used as described above. The E. coli carrying the vector may 
be groWn to high density Without expression of the cloned 
gene at loW temperature (28° C. to 30° C.) and subsequently 
induced to synthesiZe the product at high temperature (42° 
C.). The soluble protein may be harvested and utiliZed for 
further characteriZation. 

EXAMPLE 24 

Eukaryotic Expression of the Human and Murine 
Genes 

Eukaryotic expression of the murine and human gene 
inserts produces authentic recombinant protein When cloned 
into any of several different expression vectors. This 
includes the pSV2-neo and subsequent transfection of mam 
malian cell lines. 

The vector pSV2-neo (ATCC 37149) is an expression 
vector that carries regulatory sequences derived from SV40 
While lacking most of the coding region of the viral genome. 
After transfection into mammalian cells, foreign DNA 
cloned into these vectors is transiently expressed, hoWever 
no viral particles are produced. The vector carries ampicillin 
resistance and neomycin resistance genes and provides 
dominant selectable markers for resistance to antibiotic 
G418 in mammalian cell lines. A vector map of pSV2-neo 
Was provided by the American Type Culture Collection and 
disclosed that it contained a unique EcoRI restriction endo 
nuclease site in pSV2neo compatible With the EcoRI site of 
the pBluescriptTM cloning site that contained the murine and 
human gene inserts respectively. 
TC-CSF gene inserts and the vector may be prepared by 

digestion With EcoRI, recirculariZation of the vector DNA 






































